Double-stranded RNA-dependent protein kinase (PKR) regulates antiviral activity, immune responses, apoptosis and neurotoxicity. Gliatropic coronavirus infection induced PKR activation in infected as well uninfected cells within the central nervous system (CNS). However, PKR deficiency only modestly increased viral replication and did not affect IFN-α/β or IL-1β expression. Despite reduced Il-6, Ccl5, and Cxcl10 mRNA, protein levels remained unaltered. Furthermore, PKR deficiency selectively reduced IL-10 production in CD4, but not CD8 T cells, without affecting CNS pathology. The results demonstrate the ability of PKR to balance neuroinflammation by selectively modulating key cytokines and chemokines in CNS resident and CD4 T cells.
Introduction
The serine and threonine protein kinase PKR was originally identified as an innate antiviral protein induced following type-1 IFN signaling (Meurs et al., 1990) . Antiviral activity is mediated through phosphorylation of the eukaryotic translation initiation factor eIF2α, leading to inhibition of translation (Garcia et al., 2006; Sadler and Williams, 2007) and induction of apoptosis (Lee et al., 1997) . Double stranded (ds) RNA, a common intermediate during viral replication, constitutes a primary signal inducing PKR dimerization and autophosphorylation, thereby converting latent PKR into the activated form (Taylor et al., 1996; Wu and Kaufman, 1997) . However, PKR can also be activated by a variety of other stimuli, including stress, cytokines, RNA structures, bacterial infection, DNA damage, and release of damage associated molecular patterns (DAMPS) following cell injury and necrosis (Garcia et al., 2006; Sadler and Williams, 2007) . Depending on the activating insult and cell type, activated PKR can also interact directly with inflammasome components to promote release of the cytokines IL-1β, IL-18 and highmobility group box 1 (HMGB1) protein (Lu et al., 2012) . Activated PKR also promotes induction of pro-inflammatory genes via NF-kB activation (Kumar et al., 1994) , and can enhance IFN-α/β expression via both IRF3 activation (Zhang and Samuel, 2008) and maintaining IFN-α/β mRNA integrity (Schulz et al., 2010) . In addition, PKR activation by poly I:C, LPS and various infections such as mycobacterium and Sendai virus induce the anti-inflammatory cytokine IL-10 in monocyte/macrophages (Cheung et al., 2005; Chakrabarti et al., 2008) .
PKR also plays a role in regulating cellular immunity. For example, PKR reduces CD8 T cell proliferation in a contact hypersensitivity model (Kadereit et al., 2000) as well as during systemic lupus erythematosus (Grolleau et al., 2000) . Furthermore, during lymphocytic choriomeningitis virus (LCMV) infection, PKR deficiency enhances expansion, but not effector function of virus specific CD8 T cells (Nakayama et al., 2010) .
Finally, PKR is implicated in neuro-degenerative processes. It contributes to neurotoxicity by activating caspases 3 and 8 in beta amyloid treated cells as well as in a mouse model of Alzheimer's disease (Couturier et al., 2010) . A detrimental role of PKR in neurotoxicity is supported by its implication as an early biomarker of neuronal cell death during Alzheimer's disease (Peel and Bredesen, 2003) . The role of PKR in demyelinating disease remains unknown; however, PKR is activated in oligodendroglia, T cells and macrophages during experimental autoimmune encephalitis (EAE), a rodent model of multiple sclerosis (Chakrabarty et al., 2004) .
Most studies analyzing PKR function during viral infections in vitro and in vivo have focused on its antiviral activity. How PKR regulates inflammation during infection, especially viral encephalitis is less well characterized. PKR plays a crucial role in antiviral defense following vesicular stomatitis virus (VSV) infection by directly diminishing virus replication in vitro and in vivo. Uncontrolled CNS VSV replication results in 100% mortality in PKR −/− mice (Stojdl et al., 2000) . Increased peripheral virus replication was also associated with increased mortality of West Nile virus (WNV) infected dual RNaseL/PKR −/− compared to 
